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 Recently, enterokinase has become a useful tool for an in vitro digestion of recombinant 
fusion protein because of its high specificity for the recognition sequences (Asp)4KLys, and its 
tolerance to a wide range of reaction conditions. In this work, a high activity recombinant 
enterokinase light chain (rEKL) was produced by Pichia pastoris Y11430. With a simple fed-batch 
technique, high cell density cultivation was successfully achieved. Different constant specific growth 
rates (µset) at 0.006, 0.0075, and 0.0105 hr
-1 were chosen to pre-determine the exponential feeding 
strategy of methanol feed medium (MF medium) during the methanol production phase. At µset of 
0.0075 hr-1, the highest cell density, total protein concentration and accumulation of the rEKL were 
obtained at approximately 128 g. L-1, 343.19 mg. L-1, and 38125 U. mL-1; respectively. In comparison, 
the µset of 0.0105 hr
-1 resulted in severe inhibition of cell growth and low product formation due to 
excessive feeding rate. The feeding rate at µset 0.006 hr
-1 resulted in the lowest cell concentration 
clearly due to the lowest feeding rate.  
The µset of 0.006 hr
-1 did not result in the highest rEKL accumulation; however, the highest 
specific activity reached the maximum value of 389,326 U.mg-1proteins, compared to 122,975 U. mg-
1proteins at the µset of 0.0075 hr
-1 after 117hr of the induction time. In addition, an increase of the 
induction time to 117hr for both µset 0.006 and 0.0075 hr
-1 resulted in the higher cell density, total 
protein concentration, rEKL accumulation, and specially specific activity of rEKL which was much 
higher than all previously reported articles.  
Purification of the recombinant EKL was initially performed using electrodionization technique 
(EDI); however, this technique could not separate the protein from fermentation broth. The protein 
was further purified by the cation exchange chromatography (SP_FF column). Experimental result 
showed that 1540 mg.L-1 of rEKL was obtained from 6475.33 mg.L
-1 of total protein. The recombinant 
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  AOX   Alcohol oxidase enzyme 
  DOT   Dissolve oxygen tension 
  EKL   Enterokinase light chain enzyme 
  rEKL   Recombinant enterokinase light chain enzyme 
  SDS-PAGE  Sodiumdodisyl sulphate polyacrylamide gel   














 3  	3 recombinant DNA, gene 
probes, ก	&, (ก		+.	;'#	;'# (tissue culture)  
ก!!* ก
ก554Y 3  
'%$!*ก*
 ก#3.	3 ก5#&6, growth hormone 
;# 	#)%&$3.  	F! 
 !กก"ก5#"(
+
@	F#3.ก   $!	3 $!ก(
 (#ก3.  #3.%ก) 

























 (rEKL) $ ! 
Pichia pastoris 9 Y11430 (2
.%$! $*"ก*ก#.	#)%&+ 
#







(ก	'*"3 	!!#. rEKL "
9: 
'%$!;# 433 ก3#  ก5
	#)%&$
'  %+ *+#+# ก
 !"
9: 	3 ก(ก	&##ก*ก+
ก ก(ก	'* ก<<C_  ก
 !	ก$5-ก ก 











(elution ;# regeneration) &-'.+#+	F+#
'3.ก(!#.










          ?**"%$!กก !"" Electrodeionization (EDI) 	;'#(ก
'2(ก

.%<<Zก(3ก-+#ก	;#%*กก5+,*ก### (deionized water) 
ก#3.	3 ก(กก$#
3.  ##ก*ก+ก 	F! &-'."" EDI +	F""5 





' !(.$#.%<<Z  ?**"
456!*%$!"	)* ก,-กก(กก$(ก##ก*ก+ก $*$.






'.($!# 	;'#	Fกก"ก5	;'# !%$!55 (yield) 
'6.-+ *-.($
'* !
"" EDI  ! ก(ก	#)%&	#)	
#%	##ก*ก+ก(""3#	;'#. $ +#
(ก+*ก !ก(ก	'*	;'#*"	ก#.	#)%&ก3# 	;'#.*ก3	#)%&$+*




' !	ก)" (receiving solution) 






'26ก. ก"ก EDI +	Fก"ก53.ก
(ก	'*(ก(ก$ !	;'#(53 *-.	Fก5(""3#	;'#. %3*	F
'*!#.+# 
elution #ก 	;'#.*ก*ก23	
#.	#)%&##ก%*ก ion exchange resin #63#$	 
 
1.2 !	*%ก	ก !+#0"*-$#,$-#'$	. 
	#)	
#%	 (EK) ;# 	#)	
#	










'.%32*" 3#.	**6' EK 	F	#
'*$#63 
*ก&	#(3.$*	#.$"ก$#"	F ก$ (#ก 
(Aspartic acid) 



















(heterodimer)2"	#%&+%$!  6(  (Song et al, 2002) .!.
.	
	;'#3#ก$!9%$&%< 2("3.##ก	F 2 3 ;# 3
'$	ก @3
.$!

































'%3!#.ก#63	   $.+	#)	
#%	*-.
	F	#)%&
'3 * ก !(ก
'!#.ก##ก*ก<G $9ก













ก (Song et al., 2002) 	3 
'ก$-$3. 3.ก!.3. 4.5-9.5 (
'#46
3. 4-45 #.,	&	&  (Yuan and Hua, 2002)   
 
1.3 ก	J%+#0"*-+ Pichia pastoris 
 ?**"ก5$""#"(

















































'	 *(! .	Fก	'	2 !ก"

'	 *&-'.5 	&	*!"!$! #ก*ก+#*
'	 *	;'#3#ก"<G
".$ 	;'# !$ก3#ก(ก












+.#.##ก*กก+2 !	;# !	#)%& (3ก !	+!#	;# *

 !54Y
'%$!	% $.+*-. !	#)%& ก$กก3&-'.
	#)%&
' !*	F	#)%& ก3	# 	3 9#" (Thrombin), (<ก	# "	# (Factor 
Xa) ( 	#)	








'%$!##ก4!# 3.5 !(. (3#3.%ก)..%3
"
9:ก	
3 $ #*	ก$ก	=>#*ก	##;'%$!  (Yuan and Hua, 2002) (
.
 ก(ก!?@$.ก3 ;#ก !	

.9,ก (recombinant DNA technology) 	!
3$ก
'ก($.##ก#. EK $3#	!ก"$	#	#	ก	# *ก+23	!63	&	*!
"!









































coli Lactococcus lactis S. cerevisiae ( P. pastoris 	3	$ก"	&	+.6ก$!(	&












#ก$! (Cregg et al., 1987) 
 *ก5.
$#..ก"3 P. pastoris 	
'* !	F	&	*!"!
 ก5 rEKL (!3 rEKL 
'5*ก P. pastoris *ก*ก*	




'%$!*กก5$ ! P. 
pastoris *6.ก3	;'#	"	
"ก" A. niger 
+. ก	+. A. niger *3.กก3ก
	+.#ก$! " P. pastoris 	F
'2 !	
#	F(3."#%$!&-'.	ก3 
methylotrophic yeast 3#%$!ก ! P. pastoris 	F	&	*!"! ก5#"(
 
	;'#.*ก P. pastoris 	F6#&-'.ก"ก	ก$ก	'(..*กก.	
 (post-translation modification) (Holmes et al., 2009) &-'.%3 '.
'	F# 






.%$! (Lin Cereghino and Cregg, 2000) #ก*ก+	#



















4ก;# high cell-density fermentation '.
 !3.	ก5#"(
 
46.%$! (Charoenrat et al., 2005) $.+ P.  pastoris *-.	
'* !	F	&	*!









,&-'.6.2-. $336 ;# 13,776 "
 3# 0.32 %ก*ก New England 




*!#.ก5 rEKL -+ !	#.  $.+456!**-.!#.ก5 rEKL $ก
'ก
($.##ก#. EKL *ก%! (%($.##ก 	&	*!"!
'	;# P. pastoris 
	;'# ! rEKL 
'5-+4ก(46. #.,* $.  	ก
- %$!
"	)* ก EKL *ก%!(	#. 	
,%
 ( ! P.  pastoris 
	F	&	*!"! ("3 +##.ก5 rEKL  2.ก(ก
	#)%& !"
9:
"3 2*"ก*ก#.	#)%& EK %$! +ก







'%$!;# 433 ก3#&-'.%$!*กก	' !	ก$ก($.##ก#. rEKL 

'#46 20 #.,	&	& 35ก
$#"2 ก$<G (rice BGlu1-
thioredoxin) &-'.(3.$#. EK 





$ ! rEKL 
'%$!*ก.*+ ( rEKL 





 1.3.2 ก"ก	0กL# P. pastoris 
.*
'%$!ก,-ก2-.ก"กก	;'#ก($.##ก#.	;'#5  
P. pastoris  !ก"#.	# AOX1 #	+.	;+#" P. pastoris !

'%3



























  ก"กก(""ก-'.ก+ #*26กZ#	!63""	F+.;#3#	;'#.
ก)%$! (3*%3ก23	#+กก##ก*ก"" 3.กก &-'.*	Fก553. 
กก(""ก((""3#	;'#. (	Fก"กก
'ก ! ก5	!!#.	&
6.(2$3###ก 3.ก"กก%$!$ (Cereghino et al. 
2001) ก"กก$!  P. pastoris 
'
96.+%$!ก-+$*#(4









 !	# AOX1 .%3












































		 1     9ก"ก"กก$! P. pastoris $*#(4 (Jahic et al.    
    (2002)) 
 	('.) 6(""กก "	 
กZ#
"	* 
1. 	*@ 0-24 ก ก	&## %3 
2. 	*@ 24-27.5 ก-'.ก ก	&## 50% ก	&## 
3.	' 27.5-30 ก-'.ก 	
# 99% 	
# 




กกZ#*ก	 PTM1 trace salts 12 3# 
 
1.4 J%L#XH	Yก	J%+#0"*-+ P. pastoris 
1.4.1 	MW%-+ 
 #ก*ก?** ก"กก(! 55#.
'5%$!.-+#63ก"ก









 P. pastoris 	F9*











'!#.ก (Lee et al., 2006) 
 *ก.
.ก#;'%$!"%!3 P. pastoris 
' !	F	F	&#63 3 $ $
("3.2 ก !	
# 9(ก	F99 ;# methanol 






'6. (Cereghino and Cregg, 2000) 9
'#.;# methanol 






















 $ก(!ก*3 @3ก !9
'	F Muts phenotype 	;'#.*ก2	'





%3ก3# !	ก$ก"+.ก	*@#.	& $.+*-..33#ก5	;'#$ก.ก5 
(Stratton et al., 1998) (3#3.%ก)#ก	*@#.	;+##.9 Muts phenotype 'ก3 
9 Mut phenotype #;' (Kim et al., 2009) $.+9 Mut+ phenotype *-. ! ก
5#3.(3	;'# !"	F	& ก5#"(
 (Peng et 






1.4.2 #GPN0*%	0$Kก&-&H	 (pH)ก	$%+.$ V.# 
 	;'#
























	#. P. pastoris "ก!.	& #
'ก	&##	F(3."# 






 !ก3#ก	ก)"	ก'54Y%$! (Jahic et al., 2003) ก$#46. 3.ก"กก
*3Z#.กก3##.	& 
 !55
'!#.ก$-+ (Kupsculik and Sevella, 2004) 
	
ก"#46 ก"กก(""ก-'.ก;#temperature limited fed-batch (TLFB) 
















1.4.3 ##ก($-+)%%	./	 (Dissolve oxygen V# DO) 
 P. pastoris 	F9
'!#.ก##ก&	* ก	*@ (Gurramkonda, 2009)  	F





' + (DO) 
'	 (Stratton et al., 1998; Lee et al., 2003) 
กZ#.กก$##ก&	*3.ก"กก
'ก5	&	!!6.#.






 ก"กก$ P. pastoris  ;# $	ก
ก(""ก-'.ก
'ก*ก$##ก&	* $#ก, 2.ก#63
' 1.2 " #ก !##ก&	* 
;# oxygen transfer rate 




' 1.9 " #ก !##ก&	* 




 !4	&ก	'-+	. 7 ( 12 	#	&) 	;'#.*กก*ก$##ก&	*






!#.ก%$! (Lee at al., 2003, Cereghino and Cregg 2000) 






'ก($.##ก$!""	# AOX1 %$! (Jahic et al., 2003; Charoenrat et al., 












































'* !ก	+.	& !%$!	!!6. (Wang et al., 2009) กZ#ก
	&##	!632.ก(""	#^ก&		& "3"	)* ก%$!	&	!!6.
กก3กZ#(""#.
' (Lee et al., 2003) ก6(""กZ#(""	#^ก&		&



















 $#*	F5 !	# AOX 6@	!
'%$!(3.5









'!#.ก (Rosenfeld, 1999) &-'.2;#	F'.@
'-.2-.
	!!#.	
#%3 !	ก 3-5 ก3# 
'%3
 !	ก$ก"+.ก	*@#.  




 !	ก$ก"+.$!"	 $	ก$ก"+.(""%3(3. 












































'*5%$! (Cos et al., 2005) #ก
+..	ก'!#.ก"
ก($.#กก#. ก !##ก&	*(ก !	
# 3.กก (Kobayashi et al., 





































.#.	#%&' (Yuan and Hua, 
2002 ( Tan et al., 2007) #ก*ก+%$!5	#%&	#)	
#%	  Aspergillus niger ( 
Saccharomyces cerevisiae $ !#
'#.ก#"ก "3%$!	#%& 4'
' 
1.9 ( 3.8 ก3# (Svetina et al., 2000; Kim et al., 2005) 2-.(!3	#)	
#%	+

'5*ก P. pastoris *ก*ก#.	#%&
''ก3	;'#5$ A. niger (3ก	"	
"
55"36.ก3 
+.ก	+.*.3ก3ก	+. A. niger 























  ?**"ก($.##ก#.  Pichia "5	)*	F#3.ก ก	"	
"ก"
E. coli 	;'#.*ก Pichia ก"ก	'(..ก.	 	3 glycosylation $.
'




"ก" A. niger ( S. cerevisiae ก5	#)	
#%	+
'ก($.##ก#.  P. 
pastoris %$!






















9: "325%$! 350 ก3#.*ก
'ก	% 120 '. 







3# 1 #.#	+.	;+# (Peng et al., 2004) 2 ก
.#.	#%&;# 2.88×107 











'.%!  . 2  "ก5#"(
	#)	
#





+. STI resin affinity chromatography (Collin-Racie et al., 1995; Fang and Huang., 2004), anion 
exchange chromatography, Q sepharose fast flow (Peng et al., 2004), cation exchange 





'5$ E. coli +
$ Nickel 
affinity column ( STIKSepharose chromatography (Vozza et al., 1996) 2;#	Fก"ก
'.3




+*ก A. niger (Svetina et al., 2000) ( !	.+#	$"	
 nickel affinity 
chromatography 
' !"











































ก*ก#.	#%&'ก LaVallie, 1993 
43 720 Yuan and Hua, 2002 
20 %3ก*ก#.	#%& Gasparian, 2003 E. coli 
106 110 ± 10 Tan, 2007 






A. niger 1.9 19.88 Svetina, 2000 











Fang,  2004 
10.9 2.88×107 
Fang and Huang, 
2004 
P. pastoris 
479.99* 13,619.14** Zhang, 2008 
	: * ;# 4
+.$ (3	Fก3#) 





















' 3. +#3.  	3+*ก6@	54Y%	F*ก  ?**"%$!








 ก5 #ก*ก+ .
 !2$ก6@	54Y














'#63 +ก .(ก 	&##ก*ก+ก
(! *%$!54Y





















'	*;#*. 2) 54Y".$%3##46 3) ก
#.54Y
'5%$!*กก"ก













'%3#* ! ก4+ ( ".+.#***	F!#.9 3
'	
-+ ! ก(ก "ก##ก(""ก"ก;#ก	ก)"	ก'54Y #ก*ก!#.














' !#ก$!  
1.7 ก"ก	*ก& !$V)#*JH$	 
 ก !	;'#(53.	 ก(ก54Y%$!" *	F#3.ก ?**"	;'#
*$. ก	'























permeable property  ก,-กก"ก(ก$ !	;'#(53+%$!ก,-ก+.(ก  .,. 1748 
( .,. 2291) $ก
,'.	,;'# Abbá Nolet *กก.	กก/ก4##&
#.+*ก+	ก;#535.	;+#	;'##.ก	6 *ก+ก"ก(ก$	;'#(53ก)%$!




'$ @3-+	3 	#)%& (#' 
(emulsion) 2(ก##ก*ก%$!$ !ก"ก#!<G	' (ultrafiltration) 
	F! 
1.7.1 /	*ก	0*L"& (driving forces) 
(."$ (driving force) 
' ! ก(ก$ !	;'#(53
 !	ก$ permeate 53+#.	;'#
(53 (."$+	ก$-+*ก53.#.3,ก








*	;#<ก&#. i (Ji) *	F%ก!#(ก#.<G &-'.3$!ก(3






























. 3  ($.2-.ก*(ก$#.	;'#(53##ก	Fก"ก3.  $ !(."$	F












 !%3!#.ก..*ก#ก"	;'#  













.(!*	ก$	;#$	F&-'.*	F#3#56!%$!  +#ก<#ก	;#$+ 	;'#











'	#. (Cussler, 1997) 
 
		 3  ก*(ก	;'#(53$#,(."$	Fก$ (Huang, 2007) 
ก"ก	*ก&!$V)#*JH *L"& (Driving force) 
	#(	#	' (Pervaporation) 53.$%# (Gradient of vapor pressure) 
#!<G	' (Ultrafiltration) 53.$ (Pressure gradient) 
ก(กก^& (Gas permeation) 53.$ (Pressure gradient) 
##&(""5ก" (Reverse osmosis) 53.$ (Pressure gradient) 
%$#%& (Dialysis) 53.	!! (Concentration gradient) 
	#(
ก' (Perstraction) 53.	!! (Concentration gradient) 










1.8 ""#$%&'###'$( ) (Electrodeionization, EDI) 
  ?**"%$!กก !	;'#(53 ก(ก54Y##ก*ก+ก9$!ก 
$	[#3.'. ก"ก#	%$#%& ;# Electrodialysis (ED) &-'.ก !	;'#(53
'
* (charged membranes) #.$;# anion ( cation-exchange membrane$
'(3$*





exchange membrane %$! 4
'*"ก*(3##ก
. cation-exchange membrane (Habova et 
al., 2004;Madzingaidzo et al., 2002a)  
 #ก*ก+ .ก".ก"ก#	%$#%& !
9$'.-+$
	กก"ก+3 #	$%###%	&' ;# electrodeionization (EDI) &-'.ก"ก+
















(Mulder, 1991)  #.	;'#.;# EDI +*ก#"%$!33.  
'@$.+;# 3	*;#*. 
(dilute stream) 3	!! (concentrate stream) ( 3








(feed solution) %.	;'#(53 !(."	;'#&-'.	F%<<Zก(. 	;'#.*ก	!!#.#
##*	!!(	*;#*. 3#.ก%




 !	!! ก#3.	3 ก5+,*ก### (deionized 
water) 	2
'*	ก)"	ก'54Y%$! $!#.3	*;#*. "ก5ก$()กก+ 











NP	M 1  กก














CzFQI                                                               (2) 
 
$
'3 z 2-. 3 valence #.* F ;#3.
'#.<	$ (1 Faraday = 96,500 A 
s/equiv.) Q ;##ก%#.Z# ∆C 2-.3.#.	!!3.	;'#(53 
( η ;#3







 	3ก	4	=># polychlorinated 
biphenyls (PCBs)  + ก*$$












.	ก( #ก# 	3 ก

"
9: 2-.(ก$#$3.  #ก$!  















' (mobile phase) 	!% "" 	;'#
 !#3.	ก$ก	;'#





























1.9.1 0	ก	llRm*""&N&(" (Adsorption chromatography) 
 	ก*2 ก$6$&"";+5#.$6$&"
'+(ก3.ก 	3&
ก	* #6 %$##% (diatomaceous earth) (23ก 	F! $
9
#.ก$6$&"*-+#63ก"$(4#.639











1.9.2 ก<<C_(""("3.3 (partition chromatography) 




























(#&%% (water-acetonitrile) ;# +(	
# &-'.*26ก##ก*ก;+5#.
2.











.#.ก<<C_(""("3.3 (partition chromatography) 
 
1.9.3 ก<<C_(""(ก	'* (ion-exchange chromatography) 
           6 5 ($.กก
.#.ก<<C_(""(ก	'* (ion-exchange 




' $ก<<C_$+ ก ! ก(ก

'$ @3	3((#%"#ก3.  &-'.	&'
' !ก*	F	
	&6 








'%(! ก<<C_(""(ก	'*2("3.##ก%$!	F 2 $;#  
- Cation exchanger  
	
		กก 	! 	"#$ก% &ก$
'กก%() 	*+,!"	ก%("" (	  -SO3H +#") 	* $#
"#	!2%(ก%(!		 ("#,	 
- Anion exchanger 
	&$+*639
'	F	"#63 #ก	 $(.#.	&*$.*ก












.#.ก<<C_(""(ก	'* (ion-exchange chromatography) 
 
1.9.4. $%0	ก	llRm (Gel chromatography) 
          	
	*ก<<C_ ;'#	ก3.  	3 	*<G	'ก<<C_ (gel filtration 
chromatography) ;# Size exclution ;# Molecular sieve chromatography 	F	
ก(ก













##ก*กก%$! .!.#.	)$	*(ก(ก$	ก 453.# 







'$ @3%32	!% 3#.3.$.ก3%$!  










           c) 	ก
'$	)ก*(



































1.9.5. 0	ก	llRm*""/	$M	 (Affinity chromatography) 
          ก<<C_$+#,กก*"ก#3.	[	**.#.	ก	3	#)%& 












(ก$ (ligand) &-'.26ก-. !$#63"2.
































 ก"กก  
2. ,-ก2-.,ก ก




3. (ก !""#	$%###%	&' .*กกก Enterokinase  2.
/ก4	;'#	"	
















' ! ก*+ *	F	;'#.;#
'#63(!".3 4 
!#./"กก"ก





 1. Laminar flow 
 2. Spectrophotometer 
 3. pH meter 
 4. Hot plate stirrer 
 5. Autoclave 
 6. Incubator shaker 
 7. Fermenter 2  
 8. Microcentrifuge 





Z# (Feed) 53	;'#.ก#.%<G	'   
 
2.2 $ V.#%-+ 
 	;+#
' !ก !	ก$ก($.##ก#.	#)	









 ก($.##ก;# pPICZαB NH8 &-'.$ 8 	ก#63$!# (N-terminal) #.
#"(
 (Kupradit, 2006) (	# AOX1 &-'.226ก	' !	ก$ก
($.##ก%$!$!	











NP	M 8   9 P. pastoris Y11430  
' pPICZαB NH8_EKL 
 
2.3 ก	$+0ก%!	$ V.# 
 
ก$	;+# P. pastoris ."#! YPD (3ก#"5ก ก $
#	+.	;+#
'		)**%-'.3	;+#
'$ 15 #$3#.+ #46 121 #.,
	&	& 	F	 15 
 	;'#Z#.กก	=>#*ก	;+#*
3. 9) 	;'# !%$!
	$' *ก+	'	$'
'%$!. #	 YPD  20  (23	;+#3#
*ก#$	$. #	 YPD  $(ก! 250 
'# glycerol BMGY 
(3ก#"5ก ก)  80  *ก+
ก"3 6!"3
'#46 30 #.,
	&	& 	F	 24 '. (	3
'	) 200 #"3#















2.4 ก	OpกT	ก"ก	0ก*""กp)ก$MV)#J% rEKL & P. pastoris SqกG +P	M 
ก5	#%& rEKL  2.ก$ 2 (Sartorius, Germany) 
'# GBS 
(3ก#"5ก)  950  ก3#ก"กก 2.ก!#.ก	

+.ก3	;+#(ก	$3	Fก$-$3. !3(3 (calibrate) PTM1 trace 
salts 26ก(ก	. 2.ก.*กก3	;+#	)*+(! (#	 25 	#	&)26ก
 !	F(3.%	*(. !	F"3	F$3.	;'# !3#63 3.
'	 
3. ก"กก #
	3 #46 pH 4##ก&	* #ก !#ก, $ #
กก #กZ#ก	&## (#กZ#	
#26ก"$# Z#.ก
ก	ก$<#.26ก	.%	;'#.+.%3 !<#.ก	ก% 3.กก  "ก"กก

+.$2("3.%$!	F 4  $.+  ก	+. P. pastoris *("3.	F'3.;# 3.(ก	Fก
	+.(""ก $!ก	&##" !	F(3."#(	;'#ก	&##26ก !*$ *	'3.










 2.ก  
 2.4.1  Hก"ก	0ก*""ก-+)0+ก	$0ก%+$(##% (Glycerol batch phase) 
กก 3.+ ก"#46#63
' 30 #.,	&	& (Julabo, Germany) 
#ก !#ก, 1 3#3#
 #กก 1,000 #"3#
 (3 pH 
' 5.5  
	;+#	!! 5 	#	&) (33#.	&4 3.0)  50  26ก	.
 2.ก$ 2 
'# GBS 950  
'	 PTM1 trace salt 4.35 3#  
กก(""ก	;+#*ก	*@*ก
'. !ก	&##*$ &-'. !	4 18-24 '.  
 
 2.4.2  Hก"ก	0ก*""กp)ก-+)0+ก	$0ก%+$(##% (Glycerol fed-batch phase) 
 .*กก"กก(""ก
'ก	ก	&##.% # GF (ก#"$!ก 












'%$!.$ Kupradit  
C .,. 2549 $
'*$.	;'#
' !%$!	!!#.	&4 40 ก3# .*ก
+$3.+.





3ก3.		# AOX (Chiruvolu et al., 1998) 
 




'# GF $!# methanol feed medium 









' 1  # MF 0.633 26ก	. 2.ก* 5 +. 
 	 3 '. *ก
























&-;# P. pastoris %$!ก" !2 !	
#	;'#	F"	%$!  
 













































!#.ก*($." !	* 15 	#	&) 
 
 
NP	M 9  ก*$$ก























'#9"%!$ Korz et al, 1994  
#กZ#	
# 9ก"#ก	*@*	 (µ) (	!!#.	& &-'.
($.$.+ 
                                     














µ                                                            (3) 
 $
' ms ;##ก%#."	 (3	F ก3#'.)  F ;#  #กZ#
$ (3#'.)  S
F
 ;# 	!!#.	
# (ก3#) µ #ก	*@*	 
(3#'.) Y
X/S 
55	&3#"	 (ก3#ก)  m ;# the specific maintenance coefficient 
(3#'.)  X  	!!#.	& (ก3#'.) (  V  ;#ก	+.	;+#  () 
 ก"กก(""ก-'.ก     




µ=                                                                   (4) 
#ก	*@*	 (µset) 24%$!$.ก!.3.+  
                                                                                                      
                                                                                                                                           (5) 
 .*+355 (Y
X/S ) ;# 0.27 ก3#ก 3 specific maintenance coefficient, m ;# 
0.035 3#'. $3
'%$!+%$!*ก.*
'%$!,-กก3#!+ (Charoenrat, 2005, and 
Kupradit, 2006) (3#ก	*@*	(µset) 3.ก ;# 0.006, 0.0075 ( 0.0105 3#'. 
26ก !	;'#4#ก	# MF . 2.ก 
 






















2.6    OpกT	SpOกP	Mก	-/	 Enterokinase protein !"-W`	กก"ก	0ก &!$-       

















'	#%& rEKL %	!63ก"ก#;' "" EDI ก !#(ก!
$	!53,6ก. 1.5 &  40 & $
ก"* mixed-bed ion-exchange resins (purolite 
strong acid cation-exchange, C-100E ( strong base type I anion resins, A-400)  #3 50:50 






 2.6.1 ก	ก#"0&N%L#$V)#*JH 
"" EDI 
'*-++ก#"$!63	&	F63  $(363#.	;'#(53*26กก+
$! spacer 	;'#"ก%(3 !	ก$ก%(""?_ $6 #ก*ก+(!.*
	ก)#63$! 	;'#Z#.กก'&-#.+ก#ก$!  	'*ก+ก
'53ก(ก	&










'%. concentrate stream %$!ก*$$ก
$#. 
2($.%$!*ก6 10 (	;'#(53;+
' 50 cm2 "
ก3#.$6+*ก		
&'$.!.! !#ก+%$!ก ! Platinum ( stainless steel "+ anode ( cathode 
$"  3#.3. 3. compartment 4  3 	  "(3.ก	$%<<Z%$!
ก$+.-+ $
'2 !ก(%<<Z%$!3. 0K100 Volts ( 0K1.2 Ampere $" 

















#%	##ก*ก+ก$ !"" EDI 
 
 













%$#%&  Tris-Cl 	!! 50  
' pH 8 ก3#
'*	!63#"# 
ก	#+*ก	 Tris-Cl 	!! 50  
' pH 8 (










%$!$ ! Tris-Cl 	!! 50  
'    
pH 8 &	$#%$ 	!! 300  (#$& 
	!! 20   "#"(










Tris-Cl 	!! 50  &	$#%$ 	!! 300  (
#$& 	!! 250   3#$! Tris-Cl 	!! 50 
 &	$#%$ 	!! 300  (#$& 
	!! 500  *ก+*






 SDS-PAGE 3#% 
 







&	$#&	 	!! 50  
' pH 5.5 $ ! Amicon Ultra-15 
'$ 
10 kD cut off *ก+
ก?_	'.
'	)#" 12,000 #"3#
 	F	 15 
 ก3#
'*
$#3.	!63# Sulphopropyl Fast Flow Column (SP_FF column) $ !	;'#. FPLC 





+ #!#.ก!.$!&	$#&	 	!! 50  
' pH 5 
(!*-.






%$!$!.$!&	$#&	 	!! 50 
 
' pH 5 #3.*
ก##ก$!&	$#&	 	!! 50  

' pH 5 
'&	$#%$ 	!!+.(3 0-1  	F#.ก#" 	!!
#.
'
ก	ก)"#3. (33 *	$	;'#.	<	# 
;'





 SDS-PAGE 3#. rEkL 
'##ก*ก



















   
2.9 ก	$	 
 2.9.1 $		0$L!0L!L#$(%%  
 	!!#.	&2%$!$ก$33 
';' 600 	 













&+* 2 +.  *ก+!.ก<  (standard calibration curve)   	;'# !	"	
"
	;'# !%$!3	!!#.	& ก	#3.+.3#% 
 2.9.2 $		0$L!0L!L#+  
 	!!#.
+.$ #3.+ก*	$!9#. Bradford, 
1979  Bovine serum albumin 26ก !	F (3.#. sensitivity 3. 50 2-. 
1000 ก3# 
 2.9.3 ก	-&#"กก0L#$#'(0 Enterokinase  
  ก
$#"ก*ก#.	#%& Enterokinase 
9#. Hermon K Taylor 
(1970)   ก
$#"ก*ก#.	#%&ก !"	<6##		&;# Gly(Asp)4Lys-β-
Napthylamide $*	#3.+ก
'%$! 30 5ก""	 (50 
%#. GD4K-βKnaphthylamide   TrisKCl 	!! 70   pH 8 ( 10% 
Dimethyl Sulfoxide) 200 % ก*ก#.	#%&$$ !	;'#. Spectra Max Gemini EM 






' 337 	 ($3#
' 420 	 
'#46 25 #.,	&	& 	F
	 10 
 $.+ 1 3#.	#%& ;# 3#.<6##		&
'	'-+ 	 1 
 (
ก	+ก ! rEKL 
'
.ก!*ก"
 New England Biolabs (NEB) 	;'# !	F
"









 "ก*ก#.	#%& rEKL  2	%$!$2 ก$<G'
&-'.(3.$	#%&	#	
#%	
'3	;'#3# ;# rice Os1Bglu4-trioredoxin $ !  
EKL   
'5%$!*ก.*+$<G'  Tris-Cl 	!! 50  
' pH 
8  !#46 23 #.,	&	& 	F	 16 '. *ก+
ก*$5*กก$<G'
$ !	
  SDS K PAGE 





 New England Biolabs (NEB)  
 
 2.9.4 $		0$L!0L!L#$0-	#% 
 	!!#.	
#
'#63 2.ก2	%$!$	;'#. gas chromatography 
(GC) (FID Instrument, USA) (ก^ !(ก^	 "
9: 99 	#	&) #
' !	F
$ capillary column (Carbowax®, Restek, USA) 
'$ 30 	 × 0.32 	 [$ 
(injector) ($ (detector) 	F$ flame ionization detector #46#. injector detector *26ก
+.%!
' 200 ( 300 #.,	&	& $" " oven *ก+.(ก;#	'*ก 40 
	'-+	;'#*2-.






   








"--+) 3 J%ก	$	L!#0N% 
 






$ P. pastoris #
ก		
#!#.ก" !	ก"ก% ! ก.	 	3ก
	
#ก	ก% *
 !	ก$	F3#	&-+%$! (Cino, 1999)  .*+3#ก
	*@*	(µset) 
'3.ก;#  0.006, 0.0075 ( 0.0105 3#'. 26ก ! ก4ก
	# MF  3.ก	'$!	














'#46 30 #.,	&	& 
' pH 5.5 #ก !#ก,  1vvm (	)#"
' 
1,000 #"3#








#+ .*ก 3 '.%(!	&*ก" !2	
#	F(3.







 !%$!	!!#.	&6. 	&ก' %$!55
'	!!6.(
ก









'6. (Chiruvolu et al., 1998) 
 3.#.3.$.ก3 +ก	&(!.






	#	&)*3#$.	F 56 	#	&) 3. 24 '.(ก #ก$.
'$	)$.5ก

$#.$.ก3+2($. !	)%$!3 P. pastoris !#.ก##ก&	*ก4
'	'	!63
3.ก	*@(""









































6 11  +ก	&(!. ( ) (ก3#) ( 4##ก&	* (DOT) ( ) (%) 3. 





'ก	&## (GF medium) .% 2.ก  *$.#.
3.+ก)	;'#"ก
.#.	# aox1 (	'	!!#.	& (Chiruvolu et al., 
1997) ก	4!#6#. Jahic et al (2002) ( Charoenrat (2005) 	;'#
'*%$!




'!#.ก	;'# !	'-+ 3.+;# 40 K X0 ก3# 
"# GF ก	&##4 50 	#	&) ((3 ;# 1.109 ก3#
 $.+# GF 
'!#.	. 2.ก24%$!$.+  
# GF (ก) = {[(Xt KX0)/ YX/S] × 1109}/ Si 
                          = {[(40-27)/ 0.7] × 1109}/ 500 = 41.19 ก 
 $
'355#.	& Yx/s = 0.7 ก#.	&3#ก#.ก	&## (Charoenrat, 2005) 
	!!#.ก	&## # GF  ;# Si = 500 ก#.ก	&##3# 	!!#.









;# Xt = 40 ก3# (#.+ก 3.	'!#.3.+ V0 = 1  $" 
#ก*ก+	 ก	# GF 24%$!$	ก'!#.ก"3#ก	*@*	 (µ)  
µ = (1/ X) (dX/ dt) or ln (Xt/ X0) = µt 
 $
'#ก	*@*	 (µ) = 0.18 hr-1 (Jahic et al., 2002) 
 $.+ 
t = ln (Xt/ X0)/ µ = (ln 40/ 27)/ 0.18 = 2.18 '. 
$.+#GF *26ก	.% 2.ก$!# (41.19 / 2.18 ) 18.89 ก3#'. $
" !#ก		
3+ *ก
'.	!!#.	&	'%$!4 40 ก3# ( !	










 ! rEKL %3ก*ก#.#%&;#ก*ก#.	#%&
' *%32$%$!$!	;'#. fluorospectrophotometer 
Culttivation time (h)





























6 12   +ก	&(!. ( ) (ก3#) (4##ก&	*
'%$! +;# DOT 


















#	F	' $ก	# MF 





# (Rose and Harrison, 1989) 4 DOT *$.#3.$	) 	;'## MF 
	'	.% (	'-+#3.$	).*ก	
#%$!26ก !$% &-'.($. !	)3                    
P. pastoris 2" ! !	
#	F(3."#((3...%$! (NP	M 13) ก


































6 13   +ก	&(!. ( ) (ก3#) (4##ก&	*
'%$! +;# DOT 





















































6 14   +ก	&(!. ( ) (ก3#) (4##ก&	*
'%$! +;# DOT 















' 0.006, 0.0075 ( 0.0105 3#'.	;'# ! ก3#ก		

# ""  
 
 3.1.1 #	ก	s##		 MF *%ก	 !$0-	#%-.0& 
5*กก4#กZ## MF . 2.ก
'3.
'#ก	*@*	 (µset) 
3.ก($.$. NP	M 15  #	'!#.3.+ #กZ## MF ;# 2.29, 2.51 ( 2.95 
ก3#'. $
'3 µset 
+. 3 ;# 0.006, 0.0075 ( 0.0105 3#'.$" &-'.*
ก	
. 2.ก	F








































6 15     #ก	# MF (ก3#'.) 3.3.ก"กก
'ก	' 
         $!	
# $
'3 µset 	F$.+ 0.006( ), 0.0075 ( ) ( 0.0105 3#'. ( ) 
 
	 ก	'#.# MF #.
+. 3 #กZ#+(ก3.ก $
'%
(!3ก*ก	#%& rEKL activity (63#) *ก+ก !#.
ก		F
	;'#
'*$ก	# MF .632.ก 3.3.
'	;+# !	
# ก5	#%& 
ก*ก#.	#%& rEKL *3	'-+ ก	# MF  ก*กก





#+3	['#.#กZ## MF ;# 5.91, 5.24 (  7.07 ก
3#'."3 µset 
' 0.0105 3#'. (69 '.), 0.006 3#'.(141 '.), and 0.0075 










































#26ก ! ก5 
          	#%&ก"ก3 µset  $.+;# 0.006( ), 0.0075 ( ) ( 0.0105 ( ) 3# 





	F#3.ก"ก5 rEKL $ P. pastoris 	;'#.*กกก	# MF ก	ก%
#**
 !ก*$##ก&	* 2.ก 3.53#ก	*@#.	&  




"ก"3 µset 0.0075 ( 0.006 3#
'. $"  





























'%$!;# 80 ± 1 ก3#, 91 ± 0.7 ก3# ( 70 ± 0.7 




3ก" 0.0075 3#'. #..;#
' µset 0.0105 3#'. ('
'$;#












'%3$(5%$!!# (Katakura, 1998) ".*+#ก	*@*	
' In 





' 0.006 3#'.%$!	&	!!' &-'.#ก	#3 µset + 	F(3.
.. !ก"	&%3	.#"ก	*@#.	&  
 
. 4  	!!#.	& (ก3#) 
'3.#.ก"กก(""ก
'ก	ก   
   	&##  ก"กก(""ก-'.ก
'ก	ก	&##   	 ก	'ก5  
   	#%& 
' 69 '. $
'3 µset %$!(ก3 0.006, 0.0075 and 0.0105 3#'. 


























0.006 3#'. 27 ± 1 41 70 ± 0.7 103 ± 1 
0.0075 3#'. 27 ± 1 40 ± 1 91 ± 0.7 128 ± 1 
0.0105 3#'. 27 ± 1 40 ± 1 80 ± 1 - 
 
	 ก	'ก5	#%& 
' 69 '. 
' µset 	
3ก" 0.0105 3#'. 
	!!#.	&..	'-+ (3	!!#.















' 141 '.) 
3 µset  	
3ก" 0.0075 hr
-1 (128 ± 1 ก3#) 3กก33 µset  	
3ก" 0.006 hr
-1 (103 ± 1 ก3#
) 5

























6 17   +ก	&(!. (ก3#) 3.3.#.ก5	#%&$ก !	
#   
        ก
$#.
'3 µset 3.ก$.+  0.006( ), 0.0075 ( ) ( 0.0105 3#'. ( ) 
 
 
 3.1.3  J%J%L#$(%% (Biomass yield)  
 355#.	& (YX/S) 	F3
'%$!*ก#3#.	&3#"	
'26ก !% (ก
	&3#ก#."	) NP	M 18 ($.55#.	&	
"ก"	 
'3 µset 3.ก *	)
%$!3 3.	'!#.ก"กก  
กก
$#. 3 YX/S *6.($.#3.$	)





















'  µset 0.006, 0.0075 ( 0.0105 3#'.) 	
3ก" 0.36, 0.41 ( 0.27 ก	&3#ก#.	






µset  	F 0.006 ( 0.0075 3#'. %$!3 YX/S 	
3ก" 0.2 ( 0.21 ก	&3#ก#.	
#  
Induction time (h)



























6 18    55#.	& ;# YX/S (ก	&3#ก#.	
#) 3.3.#.ก5  
        	#%&$ก !	
# ก
$#.
'3 µset 3.ก$.+ 0.006( ), 0.0075 ( )  









# (Charoenrat, 2006) 
 





Gas chromatography (GC) 5ก
$#.($.$.NP	M 19  "3 µset 













'*	'-+	F 1.74 ก3#  '.
' 69 3 µset 
' 0.006 3#'. 	!!
#.	
#2$%$!  0.73 ก3# '.
' 69 (3 ##.ก"กก
3	'-+#3.!	F 2.10 ก3# (
'3 µset 0.0075 3#'. 	
3ก" 4.4 ก3# *กก

'	!!#.	











































6 19   	!!#.	
# 2.ก (ก3#) 3.ก"กก
'ก !	  
       
# ก5	#%& $
'3 µset 	
3ก" 0.006( ), 0.0075 ( ) ( 0.0105 ( )   











3.1.5 ก	!	J%J% (Product formation) 
ก5 rEKL 26ก"$!	# AOX (9ก"ก	*@#.	&ก
"#ก	*@*	#.	&3.5 !4	&(ก!.55	'-+ 5ก

$#. ก5 rEKL  #ก	#3.ก($.$. NP	M 20 
 
Induction time (h)






















6 20    ก!.55 (rEKL (63#) 3.ก"กก
'ก !	
# 
         ก5	#%& $
'3 µset 	
3ก" 0.006( ), 0.0075 ( ) ( 0.0105 ( ) (3# 




3ก" 0.0105 3#'. 5ก
$#.%$!3ก5 rEKL (63#
) 36..*ก53% 21 '. (8,590 63#) (3ก	'-+#3.!.*ก
53% 50 '. ก3#
'*$.#3.$	).*ก'.




3ก" 0.0105 3#'. 	






' 21  ก5 rEKL  ก"ก
' µset 	
3ก" 0.0075 ( 0.006 3#
'. 25	#%&%$!	!!'ก3 (6,005 ( 4,066 63# $") 
'3 
µset 6.$ (0.0105 3#'.) #3.%ก).*ก'.






















	 117 '. $
'	
#26ก !% 384.78 ( 465.10 ก
' µset 	
3ก" 0.006 ( 0.0075 3#
'.$" .*ก'.
' 177   ก"ก
'µset 	F 0.0075 3#'. rEKL 
'26ก5
-+*	'$.#3.! (8,288 63#) 	3	$ก"
' µset 	F 0.006 3#'. (29,920 6
3#) *ก5ก
$#.










' 21 (3 
ก"ก




'. 117 .*กก	# MF $!# 7.06 ( 5.24 ก3#'.$" (3.*ก
+ก*ก#.	#%&$.	;'#	!!#.(4	&	'-+ '.
'	ก$-+









 SDS-PAGE 5*ก SDS-PAGE 
 +ก.+$ก"กก
' µset  0.0075 3#'. ($.$.NP	M 21 +ก	ก
#.	#%& rEKL   !
'6@	9 4 43 ก$ (3"(2"
#. visible protein ($.+ก	ก 63 ก$ &-'.$ @3ก35*ก.*#;' 
(Kupradit, 2008) #*	F		;'#.*ก	ก$ก"ก glycosylation #.#"(

'
5$ P. pastoris 










          
6 21  SDS-PAGE 
'!#$! with Coomassie blue $#3.	F+ก ก"ก
' 
      3 µset 0.0075 3#'. (M ;# protein marker; Lane 1-8 ;# #3.
'%$!*กก"ก     








'	 21,  



















'5$ P. pastoris *ก
ก"ก hyperglycosylated (!"##ก#ก	& (Cereghino and Cregg, 2000) ("
 .*+$#.



















6 22   SDS-PAGE 
'!#$! Coomassie blue $#3.	F+ก.+$ก"ก 
       
' µset 0.0105, 0.0075 ( 0.006 3#'. 
 
3.1.6 	0$L!0L!L#+-.0&*%H	กก0ก	-/		/	$M	L#$#'(0 rEKL 
3ก*กก




'($. 6 20 (	!!#.($.$.
NP	M 23 5#.	!!





































6 23    	!!
+.$ (ก3#) 3.ก"กก
'ก !	  
       
# ก5	#%& $
'3 µset 	
3ก" 0.006( ), 0.0075 ( ) ( 0.0105 ( )   



















'3 µset 0.0075 3#'. ( 188.75 ก3# ก"ก
'3 µset 







































6 24     3ก*กก
.*	#.	#%& rEKL (63#ก) 3.ก"ก 




3ก" 0.006( ), 0.0075 ( )  
         ( 0.0105 ( )  (3#'.) 
 
3ก*กก
.*	#.	#%& rEKL 36..*กก"กก53%%$! 
21 '.  ก"ก
' µset 0.0105 3#'. %$! 129,214 63#ก) 	"	
"
ก"








''. 117 ;# 208,824 6
3#ก
' µset 0.006 3#'. ( 122,975 63#ก




3ก" 158,525 ( 24,150 63#ก.
+$ก"ก
' µset 0.006 ( 0.0075 3#'. $" #ก	# MF "
ก"ก5 rEKL $ P.pastoris 




'%$!,-กก3# (Peng et al., 
































' µset 0.0075 3#'. 
+.+	;'#.*ก
#ก	# MF 
''ก3	F5 !	&	!!'	3	$ก  
 
3.1.7 H	J%J%L#$#'(0 (Production yield) 
 $ก(!"		F!







' 21  ก"ก

' µset 0.0105 3#'. .*ก'.
' 45  ก"ก
' µset 0.0075 3#'. (.*ก
'.
' 69 "ก"ก




' µset 0.006 3#'. !#ก3ก"ก




























































6 25   355#.	#%& (63#ก#.	
#) 3.ก"กก
'ก !	  
       
# ก5	#%& $
'3 µset 	
3ก" 0.006( ), 0.0075 ( ) ( 0.0105 ( )   
        (3#'.) 
 
 5#.355*	 (specific production yield 3	F 63#ก#.	&) #.
+.
ก"กก($. NP	M 26 355*	  ก"ก
' µset 0.0105 3#'.
36.$;# 156,237 63#ก#.	& 
''.
' 21  *ก+ก$.#3.$	) 3
ก"ก
' µset 0.0075 3#'.( µset 0.0006 3#'. .*ก'.
' 21 355*	
..ก	'-+3#% *2-.'.





' µset 0.0006 3#'. (3"3ก*กก
.#.	#%& 
(63#) +6.$;#
'  µset 0.0075 3#'. 
+.+	;'#.*ก
' µset 0.0006 3#'. 

































6 26   355*	 (specific production yield 3	F 63#ก#.	&) 3. 




3ก" 0.006( ),  







 !	'ก5 rEKL ($
%$!*กก	'-+#.ก*ก#.	#%& rEKL m3	F63#)%$! #3.%ก)ก
		























. 5  ก !	
# +ก	&(!. 	!!#.
+.$  rEKL 
'5%$! 55 


















502.93 622.12 294.72 
Cell Dry Weight 
(g.L-1) 




189 343 50 
rEKL 
'5%$! (63#) 29,920 8,288 2,596 
rEKL 
'5%$!6.$  38,125 (*) 
 
 
3ก*ก*	#. rEKL  
(63#ก) 
158,525 24,150 50,689 























3.2. ก	-/	"-W` rEKL -+)J%& P. pastoris       
            3.2.1 ก	*ก rEKL & !"" Electrodeionization (EDI) 




$#.ก3#!+ %$!"	)* ก(กก$()กก"63%ก"ก"กก $!
"" EDI &-'.#ก*ก*	Fกก*$	=># 	";+#.!(! .2$	F#.
ก$()กก
'3#	;+#("
	 3.5 !2	'55#.ก$()กก%$!ก-+(boontawan et 
al, 2010) (3#3.%ก) *ก5ก
$#.ก(ก rEKL  .*++"3 .*ก !ก( 
%<<Z 100  	F	 36 '. "3	!!#.  receiving solution ;# 0.9 
ก3# *ก+.%3"3ก*กก
.*	#.	#%& rEKL #ก$! 
 !2










9: rEKL  
+3#%*-.	'	Fก !#"#( ก<<C_$(ก	'*;#
'	ก 
3 (ion exchange chromatography) 3#% 
 3.2.2 ก	-/	"-W` rEKL &#%0"#%  
.*ก+$ก"กก	&*กก#(26กก*$##ก.*ก%?_	'. 
*ก+3 
'%$!*%ก#.53(53ก#.$ 0.2 %# .*ก+
ก	
#3.
 10 . #"# $
'#
'	%!!# $ก!.$! 50 
#. Tris-Cl 

























6 27  SDS-PAGE 




      #"# 
5ก	ก*ก#.	#%&"3 ก*ก#.	#%& rEKL 	ก;#"
+.$"#63 
3
'53ก##ก*ก# (elution fraction) (3%3"ก*ก#.	#%& 3
'53
##ก*ก# (flow through) (3
'%$!*กก!.# (wash fraction)  (5*ก6
'







terminal $ His-tagged $%$!
ก	'	 ก"33.ก"ก%$#%&
#3.
'!#.ก(	)$"# (Co+2) (3%!"+().	F	 30 
 (
ก	ก)"#3.









$#.ก		#%&$! SDS-PAGE "3%3  rEKL 
'$! 








9:ก-+ 	'!*กก" pH $! by 
50 #. Tris- Cl 


















*กก!.# (wash fraction) #ก+. *-.($.%$!3 His-tagged   rEKL %32$ก"
#"#%$! 	3	$ก".*#;' (Choi et al., 2001) 	;'#.*ก His-tagged #. rEKL ก
$ก"####;'





' 	;'#.*ก His-tagged 
' N-terminal #. 
rEKL 26ก!.;#	###ก%  
  




&	$#&	 	!! 50  
' pH 5 *ก+%?_	'.
' 12,000 #"
3#
 	F	 15 
 ก3#
'	
. # Sulphopropyl Fast Flow Column (SP_FF # 6 
	) 
'
ก	#%!$!  &	$#&	 	!! 50  
' 
pH 5 ก3# !. 	;'#	#3
'%3!#.ก##ก#*26ก!.$!&	$#&	 
	!! 50  
' pH 5 (&	$#%$ 	!!+.(3 0-1  	F











 !	!!-+3#%  
 %< ก"ก
"
9: rEKL *กก(ก	'*;# ion exchange $ก
!.$!&	$#%$












6 28  %<ก"ก
"
9: rEKL $	
  ion exchange chromatography #. 
      #3.
'	!! 2  
'%$!*กก"กก
' µset 0.0075 3#'.  
 
 
6 29   %<ก"ก
"
9: rEKL $	
  ion exchange chromatography #. 
       #3.
'	!! 1  
'%$!*กก"กก
' µset 0.006 3#'.  
 
5ก
$#.ก	ก*ก#.	#%& rEKL "3 ก*ก#.	#%&"	.
 3
'#3.53ก##ก*ก# (elution fraction) (3%3"ก*ก#.	#%& 
3
'53##ก*ก# (flow through) (3
'%$!*กก!.# (wash fraction) (
	;'#
ก	$! SDS-PAGE .($. !	)3#3.*ก3
'53##ก*ก
# (flow through) (3
'%$!*กก!.# (wash fraction) %3ก/(2"#. 
*-.2%$!3



















' µset 0.006 ( 0.0075 3#'. (NP	M 30 ( NP	M 
31) 
 
6 30  SDS-PAGE !#$! Coomassie blue #. rEKL 
'53ก
"
9:$!# SP  
      (cation exchanger) $
' !#3.
'	!! 2  *กก"กก
' 
      3#ก	*@*		







 # ;# Flow-through fraction (FT); #3.
'%$!*กก!.# (W) (#3.
' 










6 31  SDS-PAGE !#$! Coomassie blue #. rEKL 
'53ก
"
9:$!# SP  
      (cation exchanger) $
' !#3.
'	!! 1  *กก"กก
' 
      3#ก	*@*		
3ก" 0.006 3#'.  ก
$#" +ก	ก#. 





       *ก # ;# Flow-through fraction (FT); #3.
'%$!*กก!.# (W) ( 
       #3.
'%$!*กก# 	 44, 47, 49, 50, 52, 53, 54, 55, 56, 57, 58, 59, 62  
       ( 64 
 
#3.







9:#. rEKL %$!ก,-ก$ !	
 ion exchange &-'.%$!.%!$ 
Cregg et al, 1993 ( Kupradit, 2006 (3(ก3.ก#.$	ก&-'.5$
93.ก;#5$! P. pastoris GS115 
 !	ก$ก"ก glycosylation 3.ก (3
9#. Pichia  .*+.*กก*#"
'%$!(!+"3%$!$	ก;# 43 





















 3.2.4 ก	&lx )+&! rEKL -+)JH	ก	-/	"-W` 
 





;# rice Os1BGlu4-Trx &-'.*
ก"3 rEKL 
'%$!*กก
$#.%!ก" rice Os1BGlu4-Trx 22 
%ก   Tris- Cl 	!! 50  
' pH 8 #46 23 #.,	&	&	F
	16 '. *ก+
ก	5ก$$!	
 15 % SDS-PAGE 




 NEB  ก	F	"	
"  
 
               




      ก"กก
' µset 0.0075 3#'. 	"	
"ก" rEKL 
.ก!*ก NEB   
       Tris-Cl 	!! 50  
' pH 8 #46 23 #.,	&	&	F	 
      16 '. /ก	ก$-+ 
+.$ 22 % Protein marker (M); Fusion  
   protein (F) (fusion protein 
'"3ก" commercial rEKL 0.00014 %ก; 0.154; 0.308; 
   0.462; 0.616; 0.77 ( 0.924 %ก#. rEKL  
'"




















' ! recombinant rice Os1BGlu4-Trx 22 %ก ($$! 
commercial rEKL 0.00014 %ก ( rEKL 
'5%$! 0.154 2-. 0.924 %ก
'%$!*ก






















#%	+ (rEKL)  P. pastoris "5	)*$ !
ก"กก(""ก-'.ก #กZ## MF %$!
$#.#ก	*@*	
'3.ก





' µset 0.0075 3#'. %3	.(3%$!	!!#.
	&6.















'%$!	$ SDS-PAGE "3 %$!(2"#.
(2"$	ก;# 43 ( 63 ก$ 	#%&
'5%$!.2 ก$<G'



























6# Yeast extracts peptone dextrose (YPD) 
 ก#"$! (33#): 
  Yeast extract   10 ก3# 
  Peptone    20 ก3# 
  Dextrose   20  ก3# 
   
   
ก-'.3	;+#








 ก#"$! (33#): 
  Yeast extract   10 ก3# 
  Peptone    20 ก3# 
  Glycerol   10  ก3# 
 (33ก#"$!"<	<#(
	&<#	<	!! 100 
 " !%$! 1  
' pH 6.0 
ก-'.3	;+#
'$ 15 #$3#.+ 




'##46$.	F 55 #.,	&	& 
 
6# PTM1 trace salts 
 ก#"$! (33#): 
  CuSO4.5H2O   6.0   ก3# 
  KI    0.08 ก3# 
  MnSO4.H2O   3.0   ก3# 
  Na2MoO4.H2O   0.2   ก3# 









  ZnCl2    20   ก3# 
  Fe Cl3    13.7   ก3# 
  CoCl2. 6H2O   0.9   ก3# 
  H2SO4    5.0   ก3# 
  Biotin    0.2   ก3# 
 3ก#"
+.$ +ก'(" !%$! 1  *ก+#%53




6# Glycerol basal salt medium (GBS) 
 ก#"$! (33#): 
  H3BO4 85%   26.7 3# 
  CaSO4    0.93   ก3# 
  K2SO4    18.2   ก3# 
  MgSO4.7H2O   14.9  ก3# 
  KOH    4.13   ก3# 
  Glycerol   40   ก3# 
 	#+. 2.ก " !%$! 950  *ก+
ก-'.3	;+#
'
$ 15 #$3#.+ (psi) #46 121 #.,	&	& 	F	 35 
 #*ก
'.#46
$.%$! 30 #.,	&	&  *-.	 PTM1 trace salt 4.35 .% (" pH  !%$! 5.5 $!
(#	 25% 
 
6# Glycerol feed medium (GF) 
 Glycerol 99.5% +ก 500 ก$!+ก'(" !%$! 1  *ก+

ก-'.3	;+#
'$ 15 #$3#.+ (psi) #46 121 #.,	&	& 	F	 35 
 *-.
	 PTM1 trace salt 12 .% 
 
6# Methanol feed medium (MF) 
 	 PTM1 trace salt 12 .%	
# 99.99% 





















'  x∆ = 53.#. biomass 	'!ก"$
! (ก3#) 
           S∆  = 4 substrate 
' !% (ก3#) 






              = Biomass ($
!) K Biomass (	'!) 











' P∆ = 454Y (lactic acid ) 
'5%$! (ก3#) 
           S∆ = 4 substrate (reducing sugar) 
' !%  






               = 55 ($
!) K 55 (	'!) 
     Substrate (	'!) K Substrate ($
!) 
 
















1.         V)# :  # "@
 
 
2. /	*HX" :  56!3,**	
 
 





                        111 2
 " 
                              #	#	;#. *.$ 30000 
                            
,
: (044)-224578 
                            
: (044)-224154 
               #	 : apichat@sut.ac.th 
               
4. ก	OpกT	 
 
R &" 	L	 S	OpกT	 $-O 
2548 . 	#ก ,ก	 Imperial college London #.ก 
2543 . 
 ,ก	 The University of 
Birmingham 
#.ก 




































 (.. 2548 - ?**") 
 
6. S	P	M	 
   !	ก	 
   - ก,-กกก5	#
#(""3#	;'#.*กกก+#!#$ !	;+#  





       S	P	M 	)*+.ก (ก.. 2548- .. 2549) 
 






       240,000. "
 (9.. 2550- .. 2551) .*	)*"64 
 
- ก.		






 (.. 2549- .. 2551) .*	)*"64 
     
-    ก$	;#ก*

'
9 ก3#ก$%*ก"63$    %!
##ก&	* 
                      *%H$-: ก.
,(	
(3. 
       200,000. "
 (ก.. 2549- .. 2550) .*	)*"64 
        
-    ก





       351,000. "















      301,000. "
 (9.. 2552- .. 2553) .*	)*"64 
 




      271,000. "
 (9.. 2552- .. 2553) .*	)*"64 
 
- Process optimization for motor fuel grade ethanol production using hybrid vapor 




      200,000. "






53.กก' ก(ก%#53	;'#(53 (ก$6$&"  
*%H$-: ก.ก#.
"ก* 
      2,500,000. "
 (.. 2552- .. 2555) #63 3.ก$	ก 
 







      2, 143, 000. "
 (.. 2553- . 2554) #63 3.ก$	ก 
 


















9:ก$ D- ( L-()ก$!9	#	
#<G	'(กก'*ก+ก  
*%H$-: ก.ก(3. (B10-52) 
      3,272,440. "









      683,290. "














 (.. 2554- 9. 2554) #63 3.ก$	ก 
 
















 5* #!#(+ *ก$ 
        *%H$-: "
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